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Abstract 
The magnetic and magnetocaloric properties of polycrystalline La0.70(Ca0.30-
xSrx)MnO3:Ag 10% manganite have been investigated. All the compositions are crystallized in 
single phase orthorhombic Pbnm space group. Both, the Insulator-Metal transition temperature 
(T
IM
) and Curie temperature (Tc) are observed at 298 K for x = 0.10 composition. Though both 
T
IM
 and Tc are nearly unchanged with Ag addition, the MR is slightly improved. The MR at 300 
K is found to be as large as 31% with magnetic field change of 1Tesla, whereas it reaches up to 
49% at magnetic field of 3Tesla for La0.70Ca0.20Sr0.10MnO3:Ag0.10 sample. The maximum entropy 
change (∆SMmax) is 7.6 J.Kg
-1
.K
-1
 upon the magnetic field change of 5Tesla, near its Tc (300.5 K). 
The La0.70Ca0.20Sr0.10MnO3:Ag0.10 sample having good MR (31%
1Tesla
, 49%
3Tesla
) and reasonable 
change in magnetic entropy (7.6 J.Kg
-1
.K
-1
, 5 Tesla) at 300 K can be a potential magnetic 
refrigerant material at ambient temperatures.  
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Introduction 
Manganites are considered to be promising candidate for the technological applications such 
as bolometer and magnetic refrigeration [1-7]. Along with the all other fascinating properties, the 
presence of magnetocaloric nature makes them more outstanding material. Practically one 
desires to have higher Temperature coefficient of resistance (TCR), MR and magnetic entropy 
change near room temperature i.e. at around 300 K. It is seen that the maximum MR as well as 
TCR in hole-doped manganites occur near the insulator-metal (IM) transition T
IM
 being 
accompanied with ferromagnetic (FM)-paramagnetic (PM) transition (Curie Temperature Tc). 
The steep transition about IM crossover determines the sensitivity as well as active zone for these 
sensors. Since magnetic refrigeration has a lot of advantages over gas refrigeration, manganites 
have been getting attention [4, 6-7]. Also, since the magnetic properties of perovskite 
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manganites, Curie temperature and saturation magnetization, are strongly doping-dependent, 
these typical materials are believed to be good candidates for magnetic refrigeration at various 
temperatures [5-11].  
The magnetocaloric effect (MCE) is an isothermal magnetic entropy change or an 
adiabatic temperature change (∆Tad) of a magnetic material caused by an applied magnetic field. 
The adiabatic temperature change ∆Tad is mainly affected by the magnetic entropy change |∆SM| 
[12]. The magnetic entropy change |∆SM| induced by a magnetic field change is another 
important parameter to describe the magnetocaloric effect. A constant magnetic entropy change 
over the working temperature range is required in an ideal Ericsson refrigeration cycle [13]. It 
has been observed that heavy rare-earth and their compounds are good candidates for finding a 
large MCE, due to their large magnetic moments [14, 15]. The highest MCE involving a second-
order transition is found in gadolinium, which can be used to achieve cooling between 270 and 
310 K [14]. However, the cost of a magnetic refrigerant using gadolinium is quite expensive, 
which limits the usage of it as an active magnetic refrigerant (AMR) in magnetic refrigerators. 
Further efforts to investigate new materials exhibiting large MCE in relatively low applied field 
are of significant importance [11, 15-16]. An AMR material should have large magnetic entropy 
change induced by low magnetic field change. However higher resistivity of manganites is 
favorable for reducing eddy current heating though their maximum entropy change is smaller 
than rare earth compounds. 
Various attempt has been made to increase TCR and MR in La2/3Ca1/3MnO3:Agy 
composites [17-18]. Higher TCR with optimized reasonable MR at low fields is seen below room 
temperature (< 265 K). Some of us found 30% MR at 1 Tesla and TCR as high as 9 %/K above 
300K in La0.70Ca0.20Sr0.10MnO3:Ag0.2 [5]. These values are quite reasonable in bulk 
polycrystalline samples and can be used in the bolometric and infrared detectors. However there 
are scant reports on LCMO:Ag composites study for magnetic refrigeration or for magneto-
caloric applications.  In this report we have studied La0.70Ca0.30-xSrxMnO3:Ag0.10 composites for 
MCE and applications. Our results show that Ag addition improves MR and magneto-entropy 
change. The occurrence of maximum entropy change (∆SMmax) near its Tc (300.5 K) makes it 
much of practical importance and it can be used for magnetic refrigeration.  
 
Experimental 
The samples are synthesized in air by solid-state reaction route. The stoichiometric mixture 
of La2O3, SrCO3, CaO and MnO2 are ground thoroughly, calcined at 1000ºC for 12h and then 
pre-sintered at 1100 ºC, 1200 ºC, 1300 ºC and 1400 ºC for 20h with intermediate grindings. 
Finally, the powders are palletized and sintered at 1420 ºC for 20h in air. Samples are cooled 
very slowly (1
0
C /minute) from 1420ºC to room temperature. In Ag composite samples Ag2O is 
mixed by weight percentage before final sintering. The phase formation is checked for each 
sample with powder diffractometer, Rigaku (Cu-Kα radiation) at room temperature. The phase 
purity analysis and lattice parameter refining are performed by Rietveld refinement programme 
(Fullprof version). The resistivity and magnetization measurements of all samples are carried out 
3 
 
applying a field magnitude up to 5 T using Physical Properties Measurement system- Quantum 
Designed PPMS-14 T. 
1. Results and discussion 
All the samples are crystallized in single phase [Fig. 1(a) and (b)]. This is confirmed from the 
Rietveld analysis of powder X-ray diffraction patterns. All the compositions La0.70Ca0.30-
xSrxMnO3 (x = 0.0, 0.05 and 0.10) are fitted in orthorhombic Pbnm space group. Ionic radii of 
Ca
2+
 with coordination number (CN) VI is 1.0 Å and the ionic radii of Sr
2+
 with CN VI is 1.18 Å 
[19]. Increase in lattice parameters indicates that substitution by Sr at Ca site. Fitted parameters 
are shown in table 1.  In Ag composite samples, it is possible for Ag to enter the manganite 
lattice, which would increase the Mn
4+
content [20]. Also, Ag is volatile above 1000 
0
C and it 
may restrict presence of Ag less than the desired stoichiometry. To avoid these, Ag2O is mixed in 
final sintering. The Rietveld refinement of Ag added samples shows that presence of Ag peak in 
[see Fig. 1(b)]. This clearly indicates that most of Ag is present at the grain boundary.  
 Fig. 2 depicts RTH plot of La0.70Ca0.30MnO3:Ag0.10 composition up to applied field of 7 T, 
which shows transition near 270 K in zero field. With increasing field transition shifts towards 
higher temperature, which is attributed to enhancement in the ferromagnetic interactions with 
higher applied fields. Inset of Fig. 2 shows MR of the same. A maximum 58 % change of MR can 
be seen with the change in applied field of 3 T at 270 K. Although it has better MR but the 
working temperature is far below room temperature. Earlier it is reported [5, 7, 11] with doping 
of Sr at Ca site the transition temperature increases and it is found around 308 K for Sr = 0.10. 
Although the Tc increases with Sr doping but it is at the cost of sharpness of transition. However, 
synthesis condition and oxygen content, largely determine the Tc and sharpness of transition [21-
22].  In other reports [5, 11], Tc was found around 306-308 K with Sr = 0.10. In the studied 
samples the Tc is found to be 298 K with Sr content of 0.10. This is determined through 
derivative of the magnetization data (M-T) in an applied field of 0.1 T [Fig. 3].  The observed 
difference in Tc may be due to deficiency of oxygen content. In earlier report [5] samples are 
oxygen annealed at 1200 C after being synthesized at 1400 C, whereas the studied samples are 
slowly cooled in air from 1420 C to room temperature. In any case working temperature of 298K 
is good enough for room temperature applications.    
 The large magnetic entropy change in manganites mainly originates from the 
considerable variation of magnetization near Tc. Also, the spin lattice coupling in the magnetic 
ordering process plays an important role [8-11]. It is reported that with Ag addition in 
manganites, though sharpness of transition improves, the T
IM
 remains nearly invariant [7, 23-24]. 
Fig. 4a and 4b show the MR of La0.70Ca0.20Sr0.10MnO3 and La0.70Ca0.20Sr0.10MnO3:Ag0.10 
composition respectively. It can be seen that maximum MR increases with Ag addition. The MR 
at 3 Tesla is 43 % and 49 % in Ag free and Ag added samples respectively. Contrasting 
interpretations are argued about the mechanism of MR increase with Ag addition. Low melting 
point silver segregates at the grain boundaries and lead to reduction in intergrain tunnel 
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resistance [5, 7]. Intergrain region offers more resistance in conduction as it behaves as non 
metallic and nonmagnetic region. Ag addition provides a conducting channel between the grains 
which leads to sharper transition. It is reported that Ag addition improves FM in nonmagnetic 
intergrain region [23]. A remarkable improvement in the magnetic homogeneity is indicated by 
narrower ferromagnetic resonance (FMR) line widths in thin films [23]. Thereby, a more abrupt 
reduction of magnetization occurs, which results in a significant magnetic-entropy change near 
Tc and thus a better MCE can be obtained in manganites. In addition to this it is argued that Mn 
spin disorders occur at the phase interfaces due to which Mn-Mn magnetic exchange is 
interrupted as Ag segregates at the grain boundaries [7]. This magnetic inhomogeneity leads to 
the increase in resistivity [25-27]. With an external field applied, spin scattering is suppressed 
and thus enhanced MR is obtained. Considering the points given above, it is thus assumed that 
increase in MR and sharpness of transition at Tc/TMI is obvious for Ag added sample.  
Considering the fact that better MR is observed in Ag added sample and we are interested 
in near room temperature, the isothermal magnetization is done for La0.70Ca0.20Sr0.10MnO3:Ag0.10 
sample. The magnetocaloric effect can be measured either by the adiabatic change of 
temperature under the application of a magnetic field or through the measurement of isothermal 
magnetization versus field at different temperatures [28]. We used the second one to avoid 
complications related with adiabatic measurement. Fig. 5 shows the representative isothermal 
curves of magnetization with the applied field up to 5 T for La0.70Ca0.20Sr0.10MnO3:Ag0.10 sample. 
Isothermal curves are obtained around Tc from 290 to 310 K at an interval of 1 and 2 K. The 
change in magneto-entropy is related to the magnetization by the Maxwell relation [28]. 
 
 
This equation can be rewritten as 
 
If the magnetization measurement is done at small temperature interval and discrete fields, this 
equation can be approximated as  
 
Here, Mi and Mi+1 are the magnetization values measured at temperatures Ti and Ti+1 in an applied 
field H, respectively. Thus the magneto-entropy change can be calculated through isothermal 
magnetization curves.  
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 Fig. 6 shows the magnetic entropy change |∆SM| as a function of temperature for the 
La0.70Ca0.20Sr0.10MnO3:Ag0.10 sample with different magnetic field changes ∆H. In the same 
magnetic field change, |∆SM| variation with temperature shows a peak near Tc (300.5 K).  Upon 
the change of 5 Tesla applied field, the highest value of |∆SM| is 7.6 J.Kg
-1
.K
-1
.  With the same 
field change (5 Tesla) the value of |∆SM| is 7.45 J.Kg
-1
.K
-1
 was found in single crystal of 
La0.70Ca0.20Sr0.10MnO3 [7]. It means Ag addition provides similar results to that of single crystals 
of non Ag added samples. At commercial level it is easy to synthesize bulk material than single 
crystals. Thus Ag composites of bulk manganites could be the potential candidate for magnetic 
refrigeration. 
 
Conclusion 
Improvement in magnetic and magnetocaloric properties has been observed with Ag addition 
in polycrystalline manganites. Both, the Insulator-Metal transition and Curie temperatures areo 
observed at 298 K for x = 0.10 composition. While T
IM
 remains constant with Ag addition, ~ 6 % 
increase of MR is observed with same. The MR at 300 K is found to be as large as 31% with 
magnetic field change of 1T in Ag added x = 0.10 composition. The maximum entropy change 
(∆SMmax) is found to be 7.6 J.Kg
-1
.K
-1
 upon the magnetic field change of 5T, near its Tc. It shows 
that Ag addition is competent to that of single crystals of non Ag added samples. Thus Ag 
composites of bulk polycrystalline manganites could be the potential candidate for magnetic 
refrigeration. 
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Figure Caption  
 
Fig. 1: Rietveld fitted XRD pattern of (a) La0.70(Ca0.30-xSrx)MnO3 (x = 0.00 and 0.05); (b) 
La0.70(Ca0.30-xSrx)MnO3 (x = 0.10) and La0.70(Ca0.30-xSrx)MnO3:Ag (x = 0.10) with space group 
Pbnm. In Fig 1(b) * represents peaks associated with Ag.  
Fig. 2: RTH plot of La0.70Ca0.30MnO3:Ag0.10 composition up to applied field of 7 T. Inset of Fig. 
2 shows MR of the same at various temperature. 
 Fig. 3: Magnetization (M-T) and its derivative in an applied field of 0.1 T of the La0.70(Ca0.30-
xSrx)MnO3:Ag (x = 0.10) sample. 
Fig. 4: MR of (a) La0.70Ca0.20Sr0.10MnO3 and (b) La0.70Ca0.20Sr0.10MnO3:Ag0.10 composition with 
field at various temperatures. 
 
Fig. 5: Representative isothermal curves of magnetization with the applied field up to 5 T for 
La0.70Ca0.20Sr0.10MnO3:Ag0.10 sample. Isothermal curves are obtained around Tc from 290 to 310 
K at an interval of 1 and 2 K.  
 
Fig. 6: The magnetic entropy change |∆SM| as a function of temperature for the 
La0.70Ca0.20Sr0.10MnO3:Ag0.10 sample with different magnetic field changes ∆H. 
 
Table 1: Rietveld Refined lattice parameters and unit cell volume of La0.70(Ca0.30-xSrx)MnO3 (x = 
0.00, 0.05 and 0.10). 
La0.70(Ca0.30-
xSrx)MnO3 
Rp Rwp Chi
2
 a (Å) b (Å) c (Å) Vol. (Å
3
) 
x  = 0.00 4.73 6.03 2.34 5.45 (4) 5.47 (1) 7.70 (9) 230.06 (6) 
x  = 0.05 4.87 6.20 2.08 5.45 (8) 5.48 (2) 7.71 (1) 230.79 (6) 
x  = 0.10 4.92 6.24 2.61 5.46 (4) 5.49 (5) 7.72 (2) 231.92 (1) 
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Fig. 4(a) 
 
Fig. 4(b) 
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